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Method for controHinq a data transmission pre-emphasis unit and a 
data transmission system employing the method 

Field of the invention 

The present invention relates to a pre-emphasis unit which provides 
5 frequency dependent pre-emphasis to data before transmitting it, and in 
particular to a method for calibrating the pre-emphasis unit, and a data 
transmission system employing the method. 

Background of the invention 

The frequency response of a interconnect (e.g. a PCB/cable) used for 
data transmission attenuates the high frequency components of a data 
stream. The level of this attenuation is illustrated schematically in Fig. 1, 
showing that it arises at above a frequency labelled <a 2 . When the attenuation 
starts below the maximum frequency of the data stream, this leads to a 
phenomenon known as inter-symbol interference (ISI), in which certain data 
patterns cause thinning of the data pulse widths, and hence there is data 
dependant jitter. A worst case example of this is for a data pattern in which 
the transmitted data has a single data high amongst data lows, as shown in 
Fig. 2(a). The attenuation of the high frequency components of the single 
data high results in a pulse which has reduced amplitude and long rise/fall 
times. Consequently pulse widths are reduced as shown in Fig 2(b). 

The CML type driver, illustrated in Fig. 3, includes a differential pair at 
the transmitter and loads at the receiver. The two inputs (which are equal and 
opposite voltage signals) are amplified by an amplifier 1 , and then fed as 
equal and opposite signals txn and txp to respective transistors 3,5. The 
25 transmission lines 7, 9 have an impedance Z 0 . The loads R are at the 

termination for the transmission lines. An rx amp 1 0 is provided at the output. 
The gain of the driver is proportional to the width of the transistors 3,5 in the 
differential pair. Wider transistors provide more gain. A CML-type driver 
illustrated in Fig. 3 provides equal gain at all frequencies. 
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However, drivers are known which provide a pre-emphasis which 
flattens the frequency response of the interconnect at higher frequencies, 
preferably up to and beyond the data signal frequency. This is illustrated in 
Fig. 4, in which Fig. 4(a) is the frequency response of the interconnect, Fig. 
5 4(b) is the frequency response of the pre-emphasis filter which has a pole at 
(02, and Fig. 4(c) is the frequency response of the combination of the two, 
which is flat up to frequency ©1. The pre-emphasis filter has a zero at 02 to 
cancel the attenuation of the interconnect. The pre-emphasis filter also has a 
pole at 0)1 but this is higher than the maximum data frequency. Such known 
10 drivers employ passive components to achieve the frequency response 
shown in Fig. 4(b). This means that taking the pre-emphasis and data 
transmission period as a whole, low and high frequency components are both 
attenuated by the same amount, and little or no thinning of the pulse widths 
occurs. 

15 Summary of the Invention 

The transmission characteristics of a given transmission line are 
usually unknown. The present invention seeks to provide a new and useful 
method for calibrating a frequency-dependent data transmission driver, so 
that the characteristics of the pre-emphasis are matched to the transmission 

20 characteristics, The present invention further seeks to provide a data 
transmission system employing the method. 

In general terms, the present invention proposes: initially setting a 
driver (pre-emphasis unit) arranged to transmit data along a transmission line 
so that the pre-emphasis of the high frequency portions of the signal is low; 

25 transmitting pulses of known length (e.g. worst case - that is narrowest - 
pulses); measuring the duration of the received pulse; and gradually (e.g. 
incrementally) modifying the driver to increase the influence of high-pass 
filtered signals until the measured duration of the pulse is as great as the 
transmitted duration (to within a certain tolerance). 

3C Specifically, a first expression of the present invention is a method for 

use in a system which includes a device for differentially amplifying low 
frequency components and high frequency components in a received signal, 
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and in which the amplified signal is transmitted from a first end of a 
transmission line to a second end of the transmission line, the method being 
for setting the differential amplification of the low frequency and high 
frequency components, the method including: 
5 repeatedly generating pulses of known duration; 

amplifying low frequency components and high frequency components 
in the generated pulses to different degrees to form a modified pulse; 

transmitting the modified pulses along the line from the first end; 

measuring the duration of the received pulses received at the second 
10 end; and 

increasing the degree to which high frequency components are 
amplified relative to low frequency components until the measured duration of 
the received pulses is equal to the known duration of the generated pulses to 
within a predetermined tolerance- 
15 Alternatively, the invention may be expressed as a data transmission 

system which includes: 

a pre-emphasis unit for receiving a signal, differentially amplifying low 
frequency components and high frequency components in the received signal 
and transmitting the amplified signal into a first end of a transmission line, 
20 a pulse generator for repeatedly generating pulses of known duration 

and supplying them to the pre-emphasis unit; 

a receiver located at a second end of the transmission line for receiving 
the pulses and measuring the duration of the received pulses received; and 
a controller for controlling the pre-emphasis unit to increase the degree 
25 to which high frequency components are amplified relative to low frequency 
components until the measured duration of the received pulses is equal to the 
known duration of the generated pulses to within a predetermined tolerance. 

Preferably, there are two transmission lines, as in the known data 
transmission systems described above, the pre-emphasis unit transmitting 
30 equal and opposite signals along them, and the receiver measuring the 
duration of the received pulses using the signals received along both of the 
transmission lines. 
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Brief description of the drawings 

Non-limiting embodiments of the invention will now be described for the sake 
of example only with reference to the accompanying drawings in which: 

5 Fig. 1 shows a typical frequency response of a transmission line; 

Fig. 2 shows the modification in transmitted data caused by 
transmission along the transmission line of Fig. 1; 
Fig. 3 shows a known CDL driver; 
Fig. 4 shows a known pre-emphasis technique; 
10 Fig, 5 shows a first driver which can be calibrated using a method 

according to an embodiment of the present invention; 

Fig. 6 illustrates the effect of modifying the driver shown in Fig, 5; 
Fig. 7 shows a second driver which can be calibrated using a method 
according to an embodiment of the present invention; 
15 Fig, 8 illustrates a calibration method which is an embodiment of the 

invention; and 

Fig. 9 illustrates a data transmission system according to the invention. 

Detailed description of embodiments 

20 Fig. 5 shows a data transmission system which is disclosed in our UK 

patent application 0005976.6. In the differential pair for the CIVIL driver (pre- 
emphasis unit), there are, in comparison with the driver of Fig. 3, two low pass 
filters 11,13, which each consist of a a resistor R and capacitor C, and 
additional transistors 15,17. The transistors 15, 17 each have a width (which 

25 is proportional to gain) V\fe. Each of the two complementary (equal and 
opposite) input signals are amplified to form equal and opposite signals txp 
and ten, are these are divided into two signal paths (by components which are 
not shown). Note that the amplification may alternatively be performed after 
the signals txp are divided. For each signal, a first signal path leads to a 

30 respective transistor 3,5 of width Wi and controls a current through the 
transistor which is directed into a respective transmission line 7,9 in the 
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manner described above in relation to Fig. 3; a second signal path passes 
through one of the low pass filters 11,13 to a respective one of the transistors 
15, 17 of width W 2 , which controls another current, which is directed to the 
respective other one of the transmission lines. In other words, each 
5 transmission line carries a current which is the sum of a current passing 
through a transistor of width W 1 and a current passing through a transistor of 
width W2 which is controlled by a low-pass filtered version of the opposite 
input signal. 

Therefore, for a low frequency signal, the gain of the driver (e.g. the 
10 signal which is passed to the first transmission line 9 compared to signal txp) 
is proportional to W1-W2 (i.e. width 1-width2). At high frequencies, the low pass 
filters 11,13 mean that no signal is applied to the transistors 15,17, so that the 
gain of the driver is proportional to Wv The width W1 should be bigger than 
W 2i otherwise the correct frequency response will not be achieved, and as W2 
15 approaches W1 the maximum difference in the two gains is achieved. 

We will now analyse in more detail, and in relation to Fig. 6, the 
operation of the driver of Fig. 5. 

The upper portion of Fig. 6 shows the frequency response of three 
transmission lines 20, 21, 22. A relatively short interconnect (e.g. with a length 

20 of a few cm) has a frequency response shown as 20, which is a plateau up to 
a relatively high frequency, but above this frequency gradually decreases 
("rolls off 1 ). This "roll-off' frequency is above the highest frequency present in 
the data marked by the dashed line 23, and so causes no problem. Typically, 
the frequency 23 is at least 200 MHz or at least 500 MHz, typically more than 

25 1GHz for 10 11 of FR4 PCB. Progressively longer transmission lines have 
frequency responses 21, 22 with progressively lower roll-off frequencies £>m, 
o>2b> Frequently, the roll-off frequency of a given transmission line is not 
known in advance. For a transmission line with a roll off frequency below the 
highest data frequency (which in typical high speed modem applications may 

30 happen when the transmission line is as short as only a few tens of 
centimetres), the problems illustrated in Fig. 2 will occur. 
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Turning to the lower portion of Fig. 6, lines 24,26 show the frequency 
response for two drivers according to Fig. 5 having the same value of Wj but 
different respective values of Mfe, namely and W 2B where W 2 s is closer to 
Wi than W2A. At high frequency, the maximum gain for each is Wi, but the 
5 gain of each line 24,26 decreases for frequencies below coi=1/(27tRC) and 
reaches its lowest value, determined by Wi and W 2 at a lower frequency. 
Specifically, the gain of each driver decreases from by 20dB/decade as a 
result of the filters, until it intercepts the minimum gain (WrW 2 ) of the drive. 
This minimum gain is thus achieved at a frequency (respectively g>2a and <o 2B ) 
10 which depends upon the respective values W2A and W 2 s. 

The gain profile 24 is complementary to the frequency response 21, so 
that it is suitable for providing pre-emphasis in the manner shown in Fig. 4 for 
the "long" transmission line. Similarly, the gain profile 26 is complementary to 
the frequency response 22, so that is particularly suitable for providing pre- 
15 emphasis for the 'Very long" transmission line. 

The above discussion demonstrates that the frequency response of a 
driver according to Fig. 5 can be adjusted (tuned) by altering the width Wz, for 
example by replacing the transistors. 

Fig. 7 shows a second driver which is disclosed in our UK patent 
20 application 0005976.6. In this driver, tuning may be achieved without 
replacement of components. The circuit of Fig. 7 may be thought of as a 
multiple input differential pair. Each of the transistors 15,17 of Fig. 5 is 
replaced with a set of N (N>2) transistors (in Fig. 7 N=3), The switches 30 can 
select any combination of the transistors (corresponding sets of transistors 
25 should be selected for each of the signals txp and ben). To use the 
terminology of Fig. 5, the more transistors that are selected the larger the 
effective total width of W2 and the lower o 2 becomes. The H transistors for 
each of txp and txn can be implemented using a binary weighting so that 2 N 
combinations of settings of W2 are possible, 

30 The advantages of this approach to pre-emphasis are: 
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1) The use of passive components is reduced to a minimum. 

2) Matching of pre-emphasis to interconnect is determined by transistor 
dimensions which are accurately manufactured and modelled. 

3) It is possible to get gain out of the driver so that the worst case pulse 
5 has larger amplitude than would otherwise be possible with a 

conventional passive pre-emphasis filter. 

4) This approach is amenable to low voltage operation due to the low 
number of devices in series. 

In speed applications the low pass filter function may be implemented 
10 with capacitors since these are sufficient to load the pre-driver to roll off above 
the frequencies of interest. 

Fig. 8 illustrates a method according to the invention for calibrating the 
pre-emphasis of a driver, When programmable pre-emphasis is applied to an 
interconnect of unknown frequency response, or it is desired to fine tune the 
15 pre-emphasis to compensate for process variation, a calibration cycle is 
performed. This adjusts the settings of the filter until its response best 
cancels that of the interconnect. 

In this method the driver is controlled to transmit along the transmission 
lines a signal which is a worst case signal, of the kind described above with 

20 reference to Fig, 2. The transceivers in which we apply these pre-emphasis 
techniques have a sampler for the signal received along the transmission 
cable based on a receiver clock, and mixers which adjust the phase of the 
receiver clock in pre-determined phase steps. The mixers move the sample 
point across the data pulse as shown in Fig. 8, Therefore the result is a logic 

25 low, then high for six steps, and finally a low again. Pre-emphasis is 
increased until it takes a known number of phase steps to move the sample 
point across the data pulse (i.e. the puise width measurement is correct). 

A system according to the invention which can perform this method 
automatically (e.g. when instructed to do so) is shown in Fig. 9. It includes a 
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transmitter 35, which includes a driver with variable pre-emphasis. The 
system further includes a pulse generator (not shown) for transmitting pulses 
of known duration to the transmitter 35. It further includes a receiver indicated 
generally by reference numeral 36, including a mixer which receives a 
5 reference clock signal, a de-serialiser which produces a parallel output 
according to the phase of the mixer, and a mixer control for increasing or 
decreasing the phase of the mixer. The mixer control receives the output of 
the de-serialiser, and uses it to control the mixer to accurately measure the 
duration of received pulses as described below. The system further includes a 
10 pre-emphasis calibration control unit 37 for controlling the pre-emphasis of the 
driver 35 based on the measured pulse duration. 

The embodiment of the method according to the invention for setting 
the pre-emphasis operates is as follows: 

Step 1: The transmitter 35 is controlled by the unit 37 to have its pre- 
15 emphasis at minimum. It receives and re-transmits the worse case pattern 
(e.g. 13 0s and a 1) as a serial data stream. The unit 37 uses a line 
{"start/stop") to issue a command to the mixer control to measure the duration 
of the signal received by the receiver 36. 

Step 2: The mixer control controls the phase of the mixer until the 1 is 
20 located in a pre-determined location at the parallel data output of the de- 
serialiser (e.g. bit 0), If the 1 cannot be located then the pre-emphasis at the 
transmitter 35 is increased until the 1 is located. 

Step 3: The mixer control decrements the phase of the mixer until the 1 
is no longer present in the located bit position using the mixer. This positions 
25 the sample point at the start of the bit because it is possible to begin with the 
1 initially located in the correct location in step 2, 

Step 4: The phase is now incremented so that the sample point is swept 
across the 1 until it is no longer present in the bit location and the number of 
increments counted. 
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Step 5: if the number of increments is less than the value for the correct 
pulse width then calibration control unit 37 increments the pre-emphasis at the 
transmitter 35 and the procedure from step 2 is repeated. 

This procedure does not require any data alignment to be performed which is 
5 advantageous since the frequency response of the interconnect could prevent 
alignment being maintained. Note that the approach takes into account 
process variation of the filter components and transistor gains since they are 
included in the measurement procedure. Also, no extra high speed hardware 
is required and only a simple control function needs to be implemented. 

10 Although the invention has been described above in relation to 

particular embodiments, many variations are possible within the scope of the 
invention as will be clear to a skilled person. 
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